Analysis of fifty four years of daily energetics of zonal waves derived from NCEP/ NCAR wind (u and v) data and daily rainfall received over the Indian landmass (real time data) during southwest monsoon season (1 June-30 September) indicate that energetics (momentum transport and kinetic energy) of lower tropospheric ultra-long waves (waves 1 and 2) of low latitudes hold a key to intra-seasonal variability of monsoon rainfall over India.
Introduction
Indian monsoon is not a local phenomenon. It interacts with other components of global circulations in a significant way. Fluctuations in the monsoon are the reflection of the fluctuations in the global circulations. Global circulations have wave-like character. The characteristics of a wave can be studied through its amplitude and phase. Fourier technique provides the easiest method to compute the amplitude and phase of the waves. This technique has been used by many research workers. Saltzman (1957) for the first time derived equations governing the energetics of the largescale of the atmospheric turbulence in the domain of wave number. Saltzman and Fleisher (1960) studied rate of transfer of kinetic energy between different scales of eddies and showed that the intermediate waves (wave numbers 5-10) were source of kinetic energy to long waves (wave numbers 1-4) and short waves (wave numbers 11-16). Saltzman (1970) summarized the results of several studies of energy interactions in the Fourier domain in extra-tropical regions where synoptic-scale baroclinic disturbances are dominant. Keshavamurty and Awade (1974) showed that smaller waves were very pronounced during May to July 1972. Asnani and Awade (1978) presented a model of abnormal monsoon in India and proposed that in the absence of accurate normal global upper air patterns, a study of global upper air pattern during contrasting summer monsoon activity is an acceptable way to get an idea of large-scale anomalies in the global flow pattern. Krishnamurti and Kanamitsu (1981) examined upper tropospheric large scale circulation features for two contrasting monsoon years and showed the contrasting behaviour of wave number 3. Murakami (1981) studied the energetics considering standing and transient scales and showed that standing waves are source of kinetic energy to transient waves. Raja Rao et al (1983) studied the stratospheric S M Bawiskar et al activities through transport of momentum and sensible heat for waves 1 and 2. Awade et al (1982) computed wave to wave and wave to zonal flow kinetic energy exchanges in wave number domain and showed that long waves (wave numbers 1-2) were the source of kinetic energy to other waves and zonal mean flow. Bawiskar et al (1989) computed transport of momentum for contrasting monsoon years and showed that small scale disturbances were intense during normal monsoon years. Intensification (weakening) of planetary waves enhances (suppresses) the rainfall activity over India (Bawiskar et al 2002) . Significant release of kinetic energy by wave number 1 might have played a vital role in triggering five intense systems over the Bay of Bengal during 1997 whereas the weak supply of kinetic energy by wave 1 might have failed to trigger even a single system during monsoon 2002 (Bawiskar et al 2005a) . Eight to ten days prior to active (break) phase of monsoon, there is northward (southward) penetration of kinetic energy of extra-tropical short waves (Bawiskar et al 2005b) . These studies clearly indicate that all India summer monsoon rainfall is related to the energetics of the zonal waves on various spatial and temporal scales. In the present study, the relationship between energetics of ultra-long waves and rainfall received over the Indian landmass on a daily scale during northern summer monsoon season is discussed.
Data and methodology
Daily global NCEP/NCAR wind (u and v) data at 850, 500 and 200 hPa for a period from 1 June to 30 September (122 days) of 54 years are considered. Daily All India Monsoon Rainfall (DAIMR) are taken from daily gridded rainfall data published by India Meteorological Department (Rajeevan et al 2006) for the same period and years. Wind data are decomposed into spectrum of zonal waves and energetics (momentum transport and kinetic energy) of the waves are computed following Bawiskar et al (1995) .
Results
We have considered first ten waves for the study because our earlier study (Bawiskar 2003) shows that the variance explained by first ten waves is 95% or more. The series of energetics of each of the waves at 850, 500 and 200 hPa levels for 122 days (1 June-30 September) are correlated with DAIMR. This analysis is carried out for the individual years from 1951 to 2004. • N and 15
• N for all the 54 years. Figure 2 presents the similar result for wave 2. The significant correlation in case of waves greater than 2 and waves at 500 and 200 hPa are neither stable nor consistent with respect to wave number and latitudinal belt and hence are not presented and discussed.
It is further observed that the effective energetics of waves 1 and 2 is more significantly correlated than that of the individual waves. Figure 3 is similar to figures 1 and 2 except it is for the effective energetics of waves 1 and 2. The maximum correlation for momentum transport is around 10
• N and for kinetic energy, it is around 15 • N. We would like to mention that the gridded rainfall data is available only up to 2004. We have verified the results for [2005] [2006] [2007] . These three years also exhibit similar pattern at 850 hPa but they are not included in the present study because
